The objective of the present study was to determine the temporal expression of oestrogen receptor \g=a\in the uterus of the developing bovine fetus. Bovine 
Introduction
Oestrogens are known to play a role in the maintenance of normal pregnancy (Challis and Olson, 1988) King, 1979; Evans and Wagner, 1981; Robertson et al, 1985; Tsumagari et al, 1993) . The roles of these oestrogens are unclear, and it is not known which factors modulate their activity.
In general, the biological effects of oestrogens and other steroid hormones are mediated through specific receptors located within the cell nucleus which operate as ligand-induced transcription factors (Gorski, 1986; Beato, 1989; O'Malley, 1990 ). In addition, these receptors have increasingly been implicated in multifactorial regulatory schemes involving multiple intracellular signalling pathways (Katzenellenbogen, 1996) . It is reasonable to expect that specific effects of oestrogens in fetal development are correlated with the appear¬ ance of these receptors in target tissues; it is also possible that actions of effectors other than oestrogens, mediated by second messenger pathways through the oestrogen receptor (Katzenellenbogen, 1996) (Hou and Gorski, 1993) . Oestrogen receptor appears in the reproductive tracts of both male and female fetuses as early as day 13 of gestation (Greco et al, 1991; Greco et al, 1992) , during the sexually ambiguous stage of reproductive tract development. The appearance of oestro¬ gen receptor in fetal development has been examined in mice (Greco et al, 1991; Greco et al, 1992) , guinea-pigs (Pasqualini et al, 1980) and humans (Glatstein and Yeh, 1995 (Herbst et al, 1971 (Herbst et al, , 1977 . Similar oestrogen-induced abnormalities have been observed in rodent models (McLachlan et al, 1975 (McLachlan et al, , 1980  Newbold et al, 1983, 1985, 1986) . Since (Livingston, 1978; Weaver el al, 1986; Diekman and Green, 1992 200, 190, 180, 160, 140, 120, 110, 100, 90, 84 , and 72 of gestation (Fig. 2 (Fig. 5) ; however, mRNA encoding progesterone receptor was not detectable by RT-PCR analysis in tissue examined directly (Fig. 2) , or in either vehicle-treated or oestradiol-treated expiants (Fig. 5) , regardless of gestational age.
Fetal uterine expiants expressed detectable concentrations of mRNA encoding oestrogen receptor a, transforming growth factor-ß (TGF-ß), epidermal growth factor receptor (EGF-R), prolactin receptor (PRL-R), interleukin la (IL-la), and inter¬ leukin 6 (IL-6) (Fig. 5 ). There was a significant effect of gestational age on the expression of oestrogen receptor (increase from day 100 to day 185 of gestation; < 0.003) and TGF-ß (increase from day 100 to day 185 of gestation; Gestational age (days) Fig. 3 There was no effect of oestradiol treatment on uterine expiants from fetuses at days 100-110 of gestation (P= 0.71) . At days 185-200 of gestation, there was an overall effect of oestradiol (P < 0.014). Oestradiol treatment resulted in increased expres¬ sion of mRNA encoding oestrogen receptor (P < 0.02) and decreased expression of TGF-ß ( < 0.014). EGF-R, PRL-R, all tended to decrease after oestradiol treatment for 24 h (Fig. 5) .
Fetal uteri also expressed retinole acid receptor (RAR) isoforms , ß, and (Fig. 6) (Altschul et al, 1990 (Zelinski et al, 1982) as well as in several other species, including sheep (Miller et al, 1977;  Spencer and Bazer, 1995) , rats (Kraus and Katzenellenbogen, 1993) , guinea-pigs (Pasqualini et al, 1980) and mice (Hagihara et al, 1994) . Stable expression of ectopie oestrogen receptor in a rat embryonic fibroblast cell line resulted in oestradioldependent upregulation of expression of the ordinarily silent progesterone receptor gene (Kaneko et al, 1993 (Challis et al, 1974;  Robertson and King, 1979; Evans and Wagner, 1981; Robertson et al, 1985; Tsumagari et al, 1993) . The roles of these oestrogens within the fetal uterus remain unclear, although various activities may be suggested, including the modulation of protein synthesis and secretion (Salamonsen et al, 1985; Garrett et al, 1988) , the regulation of placental fluid exchange, electrolyte transport and the protein and nutrient content in the allantoic fluid (Bazer, 1989) , angiogenesis, and the maintenance of vascular tone. Oestrogens may be involved in the formation of the uterine glands in the fetus observed in the final third of pregnancy (Atkinson et al, 1984) . Failure to increase the oestrogen concentration in the fetal-placental compartment in the last weeks of pregnancy results in delayed parturition in several species (Challis and Olson, 1988) . The uptake of circulating oestradiol from the blood by the developing fetal rat brain (Montano et al, 1995) suggests that circulating oestrogens exert biological effects within tissues of the developing fetus.
The absence of progesterone receptor may be a means of avoiding antagonism of oestrogen-induced effects on tissue growth and differentiation. Progesterone inhibits oestrogen receptor expression (Brenner and West, 1975; Spencer and Bazer, 1995 (Kassis et al, 1984b) and in adult rats (Sahlin et al, 1994) and neonatal mice in vivo (Yamashita et al, 1990) .
Changes in oestrogen receptor protein and mRNA concen¬ tration in the uterine endometrium were correlated with plasma oestradiol during the oestrous cycle in sheep (Miller et al, 1977; Spencer and Bazer, 1995) and mice (Bergman et al, 1992 (Ing et al, 1996) and in oestrogen-induced downregulation of oestrogen receptor in MCF-7 cells (Saceda et al, 1989 ).
In addition to expression of oestrogen receptor and progesterone receptor, the present study examined the occur¬ rence of retinoic acid receptors, TGF-ß, several growth factor receptors, and the cytokines, in (Celli et al, 1996) and increases RAR-in human breast carcinoma cells (Rishi et al, 1995) .
Oestradiol effects in the mouse uterus are mediated, in part, by EGF and human fetal uteri express EGF-R (Glatstein and Yeh, 1995) . Oestradiol-induced downregulation of has been demonstrated in several cell types, including endometrial stromal cells (Ray et al, 1994) .
Taken together, these data suggest a hypothesis in which fetal gonadal and placental oestrogens probably have no role in duct morphogenesis in the bovine fetus, but may contribute, perhaps beginning at about day 150 of gestation, to the induction of oestrogen receptor a, probably
